Introduction
Most of the long term visions about the use of hydrogen as an energy carrier include water electrolysis. When renewable energy sources (hydro, wind and solar power) are considered, electrolysis is a practical way of converting the surplus electrical energy into chemical energy to be used when the power is needed [1] . Unfortunately, the efficiency of water splitting by electrolysis is rather low for commercial alkaline electrolysers and there is hence a large potential for improvement. Proton exchange membrane (PEM) electrolysers are now entering the marked with higher efficiency, rate capability and compactness, but they are expensive and depend on scarce elements like platinum and especially iridium.
One way to improve efficiency for any of the systems could be to increase the working temperature of the cell above 100 °C and perform steam electrolysis. At temperatures above the boiling point of water, the energy efficiency of water splitting can be significantly improved because less electrical energy is required due to thermodynamics and because electrode kinetics are enhanced. Moreover, in case waste heat is still produced after all, it may be more easily recovered and utilized. Therefore, it would be beneficial to operate PEM water electrolysis at elevated temperatures accompanied by replacing the membrane with a solid proton-conducting electrolyte. However, the challenge of materials cost still slows down widespread commercialization of the PEM electrolysers [2] , but the high temperature may also open new options for alternative less expensive catalysts.
At the anodic compartment of the electrolyser, strong corrosive conditions will generally exist due to high anodic polarization in combination with the presence of oxygen and acid. This will be more severe when the temperature is elevated. It is therefore mandatory to find materials which possess sufficient corrosion resistance. This demands further development of all materials from which electrolyser cells are built.
Bipolar plates are a multifunctional (and expensive part) in high temperature steam electrolysis stacks, as they collect and conduct current from cell to cell and dissipate, separate and collect the gases.
One of the most crucial demands for bipolar plate materials is resistance to corrosion in the electrolyte media under anodic/cathodic polarization. Numerous research projects have been devoted to development of bipolar plate materials in fuel cells [3] . However, the number of suitable materials for PEM electrolysers is still limited because of high requirements for corrosion resistance on the oxygen electrode, where high overpotentials are combined with low pH and elevated temperatures.
The most widely used bipolar plate material in PEM electrolysers is titanium, which is ideal in terms of corrosion resistance and conductivity [4] . The conductivity of perfluorosupfonic acid based membranes like Nafion ® decreases dramatically at temperatures above 100 °C. Therefore, polybenzimidazole (PBI) membranes doped with phosphoric acid are typically used in fuel cells at elevated temperatures [5] .
In our recent research [6] [7] [8] , corrosion resistance of possible construction materials and electrocatalyst support materials have been studied in concentrated phosphoric acid at temperatures up to 150 °C. Different types of commercially available stainless steels, Ni-based alloys, Ti and Ta were evaluated. It has been established that tantalum coated AISI 316L stainless steel and Inconel ® 625 were the most stable materials for bipolar plate in high temperature steam electrolysers with H 3 PO 4 doped membranes. Among the austenitic stainless steels, AISI 321 had the lowest corrosion rate. Titanium has shown the poorest resistance to corrosion [6] .
Our present research is dedicated to evaluation of corrosion resistance of possible construction materials for the intermediate temperature (200-400 °C) water electrolyser. At these temperatures only ceramic proton-conducting electrolytes can be used. One of the promising electrolytes is CsH 2 PO 4 which was already successfully used in fuel cells [9] . However, it decomposes without melting at temperatures around 300 °C Molten KH 2 PO 4 was in our case used for a simulation of intermediate temperature water electrolysis.
Preliminary studies have shown severe corrosion of the stainless steels and Ni-based alloys [6] [7] [8] . Therefore, we have concentrated on the tantalum coated stainless steel. Platinum and gold have been applied in order to help identifying the voltammetric waves.
Voltammetric behavior of Pt and Au has already been studied in molten KHSO 4 at 265 °C in Ar [10] . It was shown that the potential window at Pt in KHSO 4 was 1.05 V, with the electrochemical reduction of hydrogen as the cathodic limit and electrooxidation of oxygen as the anodic limit. Gold demonstrated hydrogen reduction at the same potential, but corroded at positive polarization with formation of soluble Au(SO 4 ) n (2n+3)-complexes [10] . No electrochemical measurements in the molten KH 2 PO 4 have to our knowledge been reported before.
Experimental
Materials. The chemicals KH 2 PO 4 , KHSO 4 (Sigma-Aldrich, p.a.) and Ag 2 SO 4 (Heraeus, 99.9% pure) were used as received.
Electrodes preparation. The Gold and platinum wires sealed in Pyrex tubes served as working electrodes (the diameter of the wires was 0.2 and 0.4 mm respectively). Wires from other materials were sealed in an alumina tube with outer and inner diameter of it 4 and 2 mm respectively. CC180W coating paste was used for sealing the electrodes inside the tube and was provided by CeProTec (Germany). CVD tantalum coated stainless steel AISI 316L (diameter 1.0 mm) was provided by Tantaline A/S (Denmark). Nickel and niobium wires (diameter 1.0 mm) were provided by Good Fellow Cambridge Limited (England). Nickel wire had purity of 99.98%, hard temper and niobium wire, annealed, with purity of 99.9%. All the alloys were provided by Sigma Aerospace Metals LLC (diameter of a wire varied for a specific material from 0.5 to 0.7 mm). Eventually, the working electrode area among all tested materials varied from 0.08 to 0.42 cm 2 for a specific sample. A Advanced Materials Research Vol. 699 597 platinum wire spiral served as a counter electrode. The reference electrode was a silver wire placed in a Pyrex cylindrical chamber with a Pyrex frit bottom. A melt of KHSO 4 saturated with Ag 2 SO 4 was used as an electrolyte for the reference electrode. This electrode proved to be reliable during our previous studies [10, 11] . The potential difference between the Ag/Ag 2 SO 4 and the Normal Hydrogen Electrode is approximately 0.7 V at room temperature [12] .
Electrochemical characterisation. Voltammetric measurements were performed in a three-electrode quartz cell shown in Fig.1 .
The cell was placed in the vertical copper-aluminium block furnace with temperature regulation within +/-1 °C. The temperature inside the cell was measured by a Chromel-Alumel thermocouple in stainless steel cover. The thermocouple was placed between the walls of the Pyrex glass (position 9 in Fig.1 ) and the quartz tube (position 7 in Fig.1 ).
All steady-state voltammetric tests were performed at 260 °C in an air using potentiostat model VersaSTAT 3 and VersaStudio software by Princeton Applied research. The scan rate was 1 mV/s. 
Results and Discussion
Figs. 2 and 3 represent polarization curves for the platinum electrode. It can be seen that the electrolyte has an electrochemical stability window between -0.6 V and 0.6 V (vs. Ag/Ag 2 SO 4 ) (Fig.  3 ). It will be fair to assume that the negative limit is hydrogen reduction and the positive limit is oxygen electrooxidation. However, there are no other electrochemical reactions inside the stability window. It means that Pt is corrosion resistant.
The possible cathodic and anodic electrochemical reactions can be suggested as: 
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Phosphate chemistry is complex and we have not verified that H 4 P 2 O 7 is formed and not other forms of merged phosphates. In both cases reaction of traces of water may also contribute. The voltammetric behavior of gold is presented in Fig. 4 . It can be seen that the electrolyte has almost the same electrochemical stability window at the gold electrode. However, like in the KHSO 4 [10] , there is a reduction-oxidation reaction at around 0.6 V, which can be assumed to be Au oxidation, i.e. corrosion of gold in molten KH 2 PO 4 . Figs. 2 and 4) and there is no any electrochemical activity at positive polarization. It means that tantalum has a remarkable corrosion resistance in molten KH 2 PO 4 at 260 °C.
The corrosion resistance was also measured for several stainless steels and high-nickel alloys. The results are presented in Figs. 6-10 and Tables I and II. The corrosion rates were measured using the technique, described previously [6] . It has been found that stainless steel AISI 316L presented the dissolution reaction at potential around 122 mV, showing the apparent instability of the material (Fig.  6) .
It is noticeable that stainless steel AISI 321 was stable in the "dissolution region" in contrast to AISI 347, which showed two additional redox regions around 40 and -200 mV (Fig. 7) . The same difference in behavior corresponded to alloys with high content of nickel (Fig. 8) .
From Fig. 9 it can be seen that Ta is more stable in this media than Nb, showing lower exchange current densities over the entire polarization region. Ni wire showed very high corrosion stability with associated anodic passivation (Fig. 10) . This is the most significant result of this study, because it means that affordable construction materials and possibly cheap Ni-structures as electrocatalysts can be used in intermediate temperature water electrolyser systems.
The stability range of the tested materials can now be established as: Among alloys the behavior is explained by the presence on the Ti in the materials. Nb and Ta doping were not effective in preventing corrosion in the alloys.
600
Materials Science and Chemical Engineering 
Conclusions
For the first time the electrochemical investigations were performed in molten KH 2 PO 4 at 260 °C and the electrochemical stability window was obtained. It was assumed characterized with H 2 reduction and O 2 oxidation as cathodic and anodic limits correspondingly. The corrosion behavior was examined for gold, platinum, tantalum coated stainless steel, nickel and several iron and nickel based alloys in molten KH 2 PO 4 at 260 °C in air. There is an electrochemical dissolution of gold at potentials more negative than the electrooxidation of oxygen. Ta coated stainless steel demonstrated a remarkable corrosion resistance and can be recommended as a material for bipolar plates of intermediate temperature steam electrolyser Ta, Nb, Ni and high nickel alloy Inconel ® 625 have shown high corrosion stability in the studied conditions. Ni is cheaper than Ta and Nb and is therefore a promising construction material for intermediate-temperature water electrolysers with a phosphate based electrolyte.
